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Description 

MAGNETIC STORAGE DEVIC E USING FERROMAGNETI C TUNNE L^IIJMCXION 

ELEMENT 



Technical Field 

The present invention relates to a magnetic storage 
device using a ferromagnetic tunnel junction element. 

Background Art 

In recent years, as a storage medium of a computer, a 
high-speed writable, nonvolatile one having no restriction 
on the number of writings has been desired, and as the storage 
medium having these performances, a ferromagnetic tunnel 
junction element formed by laminating a fixed magnetization 
layer and a free magnetization layer via a tunnel barrier 
layer has attracted attention. 

The above-mentioned ferromagnetic tunnel junction 
element has a property that when the free magnetization layer 
is magnetized in the same direction (parallel direction to) 
as a magnetization direction of the fixed magnetization layer, 
a resistance value in the tunnel barrier layer becomes lower 
than a predetermined resistance value (this is called a low 
resistance state) , while when the free magnetization layer 
is magnetized in an opposite direction (antiparallel 
direction) of the magnetization direction of the fixed 
magnetization, the resistance value in the tunnel barrier layer 
becomes higher than the predetermined resistance value (this 
is called a high resistance state) . 

By using the above-mentioned property that the 
resistance value in the tunnel barrier layer is varied 
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according to the magnetization direction in the free 
magnetization layer, the ferromagnetic tunnel junction 
element forms the states of the two different magnetization 
directions depending on whether the free magnetization layer 
is magnetized in the same direction as the magnetization 
direction of the fixed magnetization layer or the free 
magnetization layer is magnetized in the opposite direction 
of the magnetizationdirectionof the fixed magnetization layer . 
By making the above-mentioned states of the two different 
magnetization directions correspond to "0" or "1" , data is 
stored in the ferromagnetic tunnel conjunction element. 

A magnetic storage device using the above-mentioned 
ferromagnetic tunnel junction element as a storage device 
determines which data of the two kinds of data is stored in 
the ferromagnetic tunnel junction element to thereby read the 
data from the ferromagnetic tunnel junction element . For this, 
it is necessary to determine whether the ferromagnetic tunnel 
junction element is in the high resistance state or in the 
low resistance state. 

As such a magnetic storage device which is enabled to 
determine whether the resistance state of the ferromagnetic 
tunnel junction element is the high resistance state or the 
low resistance state with a simple structure, there is known 
a magnetic storage device of complementary type in which 
storage data contrary to each other is stored in first and 
second ferromagnetic tunnel j unction elements and a resistance 
value of the first ferromagnetic tunnel junction element and 
a resistance value of the second ferromagnetic tunnel junction 
element are compared to thereby judge whether the resistance 
value of the first ferromagnetic tunnel junction element is 
in the high resistance state or in the low resistance state. 
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In the above-mentioned complementary magnetic storage 
device, in order to store a piece of data, a pair of (two) 
ferromagnetic tunnel junction elements consisting of the first 
ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel junction element is formed adjacently 
to each other on the same semiconductor substrate, and in 
writing, storage data is written in the first ferromagnetic 
tunnel junction element, and at the same time, storage data 
contrary to that of the first ferromagnetic tunnel junction 
element is stored in the second ferromagnetic tunnel junction 
element, and then, in reading, resistance values of these two 
ferromagnetic tunnel junction elements are compared. When 
the resistance value of the first ferromagnetic tunnel junction 
element is higher than that of the second ferromagnetic tunnel 
junction element , it is determined that the first ferromagnetic 
tunnel junction element is in the high resistance state, while 
when the resistance value of the first ferromagnetic tunnel 
j unction element is lower than that of the second ferromagnetic 
tunnel junction element, it is determined that the first 
ferromagnetic tunnel j unction element is in the low resistance 
state (for example, refer to the specif ication of U. S . Patent 
No. 6191989) . 

However, in the above-mentioned conventional 
complementary magnetic storage device, in order to store a 
piece of data, the storage data contrary to each other is stored 
in the first ferromagnetic tunnel junction element and the 
second ferromagnetic tunnel junction element, so that the 
storage in the two ferromagnetic tunnel junction elements needs 
to be performed for storing a piece of storage data and a writing 
current for changing the magnetization direction of the first 
and second ferromagnetic tunnel junction elements is doubled, 
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which may disadvantageously increase power consumption of the 
magnetic storage device. 

On the other hand, in the magnetic storage device using 
the ferromagnetic tunnel junction element, there is known one 
having a structure in which writing lines is wound around the 
ferromagnetic tunnel junction element like a coil in order 
to reduce the power consumption in writing (for example, refer 
to the specification of U.S. Patent No. 5732016). 

In the above-mentioned magnetic storage device, since 
the writing lines is formed into a coil shape , a writ ingmagnet ic 
force can be generated efficiently with a smaller writing 
current, thereby reducing the power consumption in writing. 

Therefore, it can be considered to emply a structure 
in which a technique of forming the above-mentioned 
conventional writing lines into a coil shape is applied to 
the complementary magnetic storage device. That is, it can 
be considered that the first and second ferromagnetic tunnel 
junction elements are formed adjacently to each other, and 
first coil-like writing lines is disposed around the first 
ferromagnetic tunnel junction element and second coil -like 
writing lines is disposed around the second ferromagnetic 
tunnel j unction element to compose the complementary magnetic 
storage device. 

However, when the first and second coil -like writing 
lines is formed around the first and second ferromagnetic 
tunnel junction elements, if a winding direction of the first 
writing lines and a winding direction of the second writing 
lines are the same, a direction of a writing magnetic force 
generated by energizing the first writing lines and a direction 
of a writing magnetic force generated by energizing the second 
writing lines are also the same. 
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In this case, the direction of the magnetic force formed 
outside the first writing wire and the direction of the magnetic 
force formed outside the second writing lines are the same, 
so that the outside magnetic forces interfere with each other 
and the magnitude and the direction of the writing magnetic 
forces are varied, which may hinder the storage data from 
precisely being written in the first and second ferromagnetic 
tunnel junction elements. 

Furthermore, in order to solve the above-mentioned 
defect, a magnetic shield can be formed between the first 
ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel junction element to prevent the outside 
magnetic forces from interfering with each other. However, 
in this case, space for forming the magnetic shield between 
the first ferromagnetic tunnel j unction element and the second 
ferromagnetic tunnel junction element is required, which may 
enlarge the magnetic storage device. 

Disclosure of the Invention 

Consequently, according to the present invention 
relating to Claim 1, in a magnetic storage device of 
complementary type for storing storage data contrary to each 
other in a first ferromagnetic tunnel junction element and 
a second ferromagnetic tunnel j unction element , respectively, 
the first ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel junction element are formed adjacently 
on a semiconductor substrate; and first writing lines is wound 
around the first ferromagnetic tunnel junction element like 
a coil and the same time second writing lines is wound around 
the second ferromagnetic tunnel junction element like a coil, 
and in addition, a winding direction of the first writing lines 
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and a winding direction of the second writing lines are reversed 
each other. 

Furthermore, according to the present invention 
relating to Claim 2 , in the present invention relating to Claim 
1 , a start-end portion of the second writing lines is connected 
to a terminal-end portion of the first writing lines to be 
a sequence of writing lines. 

Furthermore, according to the present invention 
relating to Claim 3, in the present invention of Claim 1 or 
Claim 2, the first writing lines and the second writing lines 
have parallel wiring portions formed, the parallel wiring 
portions extending in a direction substantially parallel to 
a magnetization direction of fixed magnetization layers at 
positions immediately above or immediately below the first 
ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel junction element. 

Furthermore, according to the present invention 
relating to Claim 4 , in the present invention relating to Claim 
1 or Claim 2, the first writing lines and the second writing 
lines have upper and lower writing lines extending in a 
substantially perpendicular to the magnetization direction 
of the fixed magnetization layers of the first ferromagnetic 
tunnel junction element and the second ferromagnetic tunnel 
junction element, above and below the first ferromagnetic 
tunnel junction element and the second ferromagnetic tunnel 
junction element , and in addition, in at least one of the upper 
and lower writing lines, there are provided parallel wiring 
portions extending in a direction substantially parallel to 
a magnetization direction of the fixed magnetization layers 
at positions immediately above or immediately below the first 
ferromagnetic tunnel junction element and the second 
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ferromagnetic tunnel junction element. 

Brief Description of Drawings 

Fig. 1 is an explanatory view showing a ferromagnetic 
tunnel junction element. 

Fig. 2 is a perspective view showing a magnetic storage 
device according to a first embodiment . 

Fig. 3 is a plan view of the same. 

Fig. 4 is a perspective view showing a magnetic storage 
device according to a second embodiment . 

Fig. 5 is a plan view of the same. 

Best Mode for Carrying out the Invention 

A magnetic storage device using a ferromagnetic tunnel 
junction element according to the present invention is a 
magnetic storage device of complementary type in which on the 
same semiconductor substrate, a first ferromagnetic tunnel 
junction element and a second ferromagnetic tunnel junction 
element are formed adjacently to, and apart from each other, 
in a direction perpendicular to a magnetization direction of 
fixed magnetization layers of the same ferromagnetic tunnel 
junction elements and storage data contrary to each other (for 
example, "0" and "l")is stored in these first ferromagnetic 
tunnel junction element and second ferromagnetic tunnel 
junction element, respectively. 

In addition, in the present invention, first writing 
lines is wound around the first ferromagnetic tunnel junction 
element like a coil, and the same time, second writing lines 
is wound around the second ferromagnetic tunnel junction 
element like a coil. 

Thus, in the present invention, by forming the first 
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and second writing lines around the first and second 
ferromagnetic tunnel junction elements like a coil, writing 
magnetic forces can be generated efficiently with a smaller 
writing current , thereby reducing power consumption in writing 
even when the magnetic storage device is structured to be of 
a complementary type . 

Furthermore, in the present invention, a winding 
direction of the first writing lines and a winding direction 
of the second writing lines are reversed to each other. 

Thus, when the winding directions of the adjacent first 
writing lines and second writing lines are reversed to each 
other, magnetic fields generated when the storage data contrary 
to each other is written in the first and second ferromagnetic 
tunnel junction elements become closed loops and thus a 
magnetic force for magnetizing a free magnetization layer of 
the first ferromagnetic tunnel j unction element and a magnetic 
force for magnetizing a free magnetization layer of the second 
ferromagnetic tunnel junction element do not interfere with 
each other, so that the storage data can be written precisely 
in the first and second ferromagnetic tunnel junction elements 
and the reliability of the magnetic storage device can be 
improved . 

In particular, in the case where a start-end portion 
of the second writing lines is connected to a terminal -end 
portion of the first writing lines to form a sequence of writing 
lines, an occupying area of the writing lines can be reduced 
as much as possible , so that the miniaturization of the magnetic 
storage device can be achieved. 

Furthermore, in the case where a structure of the first 
writing lines the second writing lines is such that there are 
provided upper and smaller writing lines extending in the 
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direction substantially perpendicular to the magnetization 
direction of the fixed magnetization layers of the first 
ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel junction element, above and below the 
first ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel junction element, and in addition, in 
at least one of the upper and lower writing lines, there are 
provided parallel wiring portions extending in a direction 
substantially parallel to the magnetization direction of the 
fixed magnetization layers at positions immediately above or 
immediately below the first ferromagnetic tunnel junction 
element and the second ferromagnetic tunnel junction element, 
by an action of the magnetic forces generated by the writing 
current flowing through the parallel wiring portions extending 
in the direction substantially parallel to the magnetization 
direction of the fixed magnetization layers, the direction 
of the writing magnetization forces acting on the free 
magnetization layers leans toward the magnetization direction 
of the fixed magnetization layers , which can produce an assist 
effect. Accordingly, the magnetization direction of the free 
magnetization layers can be changed smoothly with a smaller 
writing current and lower power consumption of the magnetic 
storage device can be achieved. 

In particular, by forming the parallel wiring portions 
at the positions immediately above and below the first 
ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel j unction element , a distance between the 
parallel wiringportions and the ferromagnetic tunnel junction 
elements can be made as short as possible, which can increase 
the assist effect . 

In the following, specific embodiments of the present 
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invention are described with reference to the drawings. 

Prior to the description of a magnetic storage device 

1 according to the present invention, a structure of a 
ferromagnetic tunnel junction element 2 is described. As 
shown in Fig. 1, the ferromagnetic tunnel junction element 

2 is formed by laminating a thin- film fixed magnetization layer 

3 and a thin- film free magnetization layer 4 via a tunnel barrier 
layer 5. 

Here, the fixed magnetization layer 3 is made of a 
ferromagnetic body (for example, CoFe) and is always magnetized 
in a constant direction. Furthermore, the free magnetization 
layer 4 is made of a ferromagnetic body (for example, NiFe) 
and is magnetized in the same direction (parallel direction) 
as, or opposite direction (ant iparallel direction) to, the 
magnetization direction of the fixed magnetization layer 3. 
Furthermore , the tunnel barrier layer 5 is made of an insulating 
body (for example, A12 03) . 

The above-mentioned ferromagnetic tunnel junction 
element 2 has a property that when the free magnetization layer 

4 is magnetized in the same direction as the magnetization 
direction of the fixed magnetization layer 3 (a case indicated 
by a dot-dashed line in Fig. 1) , a resistance value in the 
tunnel barrier layer 5 is lower than a predetermined resistance 
value, while when the free magnetization layer 4 is magnetized 
in the opposite direction of the magnetization direction of 
the fixed magnetization layer 3 (a case indicated by a two 
dot-dashed line in Fig. 1) , the resistance value in the tunnel 
barrier layer 5 is higher than the predetermined resistance 
value. Therefore, states of the two different magnetization 
directions are formed depending on whether the free 
magnetization layer 4 is magnetized in the same direction as 
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the magnetization direction of the fixed magnetization layer 
3 or the free magnetization layer 4 is magnetized in the opposite 
direction of the magnetization direction of the fixed 
magnetization layer 3 , and by making the above-mentioned states 
of the two different magnetization directions correspond to 
data of u 0" or "1", the data is stored in the ferromagnetic 
tunnel junction element 2. 

Subsequently, a structure of the magnetic storage device 
1 according to the present invention is described. 

(First Embodiment) 

Figs. 2 and 3 are views showing the magnetic storage 
device 1 according to a first embodiment of the present 
invention . 

The magnetic storage device 1 is a complementary storage 
device in which on a surface of the same semiconductor substrate 
6 , a first ferromagnetic tunnel junction element 7 and a second 
ferromagnetic tunnel junction element 8 are formed adjacently 
to, and apart from each other in a direction perpendicular 
to a magnetization direction (anteroposterior direction in 
Figs. 2 and 3) of the fixed magnetization layers 3 (refer to 
Fig. 1) of the first and second ferromagnetic tunnel junction 
elements 7, 8, and storage data contrary to each other (for 
example, "0" and u l") is stored in these first ferromagnetic 
tunnel junction element 7 and second ferromagnetic tunnel 
junction element 8, respectively. 

Here, in the magnetic storage device 1, the first 
ferromagnetic tunnel junction element 7 and the second 
ferromagnetic tunnel junction element 8 compose a storage 
element 9 of one bit. In practice, in the magnetic storage 
device 1, on the same semiconductor substrate 6, the storage 
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elements 9 of a plurality of bits are formed apart from each 
other in lateral and vertical directions. However, in order 
to facilitate understanding, the storage element 9 of one bit 
is focused on for description. 

The storage element 9, as shown in Fig. 2, a first 
coil -like writing lines 10 is formed around the first 
ferromagnetic tunnel junction element 7 and at the same time 
a second coil -like writing lines 11 is formed around the second 
ferromagnetic tunnel junction element 8, and in addition a 
start -end portion 13 of the second writing lines 11 is connected 
to an end portion 12 of the first writing lines 10 via a joining 
portion 14 to forma sequence of writing lines 15, and further, 
a winding direction of the first writing wire 10 (clockwise 
in Fig. 2) and a winding direction of the second writing lines 
11 (counterclockwise in Fig. 2) are reversed to each other. 

A structure of the writing lines 15 is now described 
in detail. The first writing lines 10, as shown in Figs. 2 
and 3, is structured in such a manner that six pieces of upper 
writing lines 16 extending in the direction substantially 
perpendicular to the magnetization direction (downward 
direction in Fig. 3) of the fixed magnetization layer 3 of 
the first ferromagnetic tunnel junction element 7, above the 
first ferromagnetic tunnel junction element 7, and six pieces 
of lower writing lines 17 extending in the direction 
substantially perpendicular to the magnetization direction 
(downward direction in Fig . 3) of the fixed magnetization layer 
3 of the first ferromagnetic tunnel junction element 7, below 
the first ferromagnetic tunnel junction element 7 are connected 
at right and left end edge portions of the upper writing lines 
16 and the lower writing lines 17 via through-holes 18 to be 
wound around the first ferromagnetic tunnel junction element 
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7 clockwise like a coil, as shown in Fig. 2. 

In addition, at end portions or midway portions of the 
lower writing lines 17 at positions immediately below the first 
ferromagnetic tunnel junction element 7, the first writing 
lines 10 has parallel wiring portions 19 formed, which extend 
in the direction substantially parallel to the magnetization 
direction of the fixed magnetization layer 3. 

The second writing lines 11, as shown in Figs. 2 and 
3, is structured in such a manner that six pieces of upper 
writing lines 20 extending in the direction substantially 
perpendicular to the magnetization direction (downward 
direction in Fig. 3) of the fixed magnetization layer 3 of 
the second ferromagnetic tunnel junction element 8, above the 
second ferromagnetic tunnel junction element 8 and six pieces 
of lower writing lines 21 extending in the direction 
substantially perpendicular to the magnetization direction 
(downward direction in Fig . 3) of the fixed magnetization layer 
3 of the second ferromagnetic tunnel junction element 8, below 
the second ferromagnetic tunnel junction element 8 are 
connected at right and left end edge portions of the upper 
writing lines 20 and the lower writing lines 21 via 
through-holes 22 to be wound around the second ferromagnetic 
tunnel junction element 8 counterclockwise like a coil, as 
shown in Fig . 2 . 

In addition, at end portions or midway portions of the 
lower writing lines 21 at positions immediately below the 
second ferromagnetic tunnel junction element 8, the second 
writing lines 11 has parallel wiring portions 23 formed, which 
extend in the direction substantially parallel to the 
magnetization direction of the fixed magnetization layer 3. 

A right end portion of the upper writing lines 16 that 
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is the terminal-end portion 12 of the first writing lines 10 
is connected to a right end portion of the upper writing lines 
20 that is the start-end portion 13 of the second writing lines 
11 via the joining portion 14. In the figures, reference 
numerals 24, 25 are reading wiring connected to the free 
magnetization layers 4 of the first and second ferromagnetic 
tunnel junction elements 7, 8. 

The magnetic storage device 1 is structured as described 
above. By energizing the writing lines 15, magnetic forces 
in directions opposite to each other are generated in the first 
and second coil -like writing lines 10, 11 and these magnetic 
forces act on the free magnetization layers 4 of the first 
and second ferromagnetic tunnel junction elements 7, 8 to 
magnetize the free magnetization layer 4 of the first 
ferromagnetic tunnel junction element 7 and the free 
magnetization layer 4 of the second ferromagnetic tunnel 
junction element 8 in directions opposite to each other, and 
thereby data contrary to each other can be stored in the first 
ferromagnetic tunnel junction element 7 and the second 
ferromagnetic tunnel junction element 8, respectively. 

More specifically, when the writing lines 15 is energized 
from a start-end portion 26 toward a terminal-end portion 27, 
in the first writing lines 10, the energizing is performed 
from the start-end portion 26 toward the terminal-end portion 
12, thereby generating a magnetic force fro.m the front to the 
rear (that is, magnetic force in a direction opposite to the 
magnetization direction of the fixed magnetization layer 3 
of the first ferromagnetic tunnel junction element 7) with 
respect to the free magnetization layer 4 of the first 
ferromagnetic tunnel junction element 7, so that the free 
magnetization layer 4 of the first ferromagnetic tunnel 
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junction element 7 can be magnetized in the direction opposite 
to the magnetization direct ion of the fixed magnet izat ion layer 
3. On the other hand, in the second writing lines 11, the 
energizing is performed from the start -end portion 13 toward 
the terminal-end portion 27, thereby generating a magnetic 
force from the rear to the front (that is, magnetic force in 
the same direction as the magnetization direction of the fixed 
magnetization layer 3 of the second ferromagnetic tunnel 
junction element 8) with respect to the free magnetization 
layer 4 of the second ferromagnetic tunnel junction element 
8, so that the free magnetization layer 4 of the first 
ferromagnetic tunnel junction element 7 can be magnetized in 
the same direction as the magnetization direction of the fixed 
magnetization layer 3. 

On the contrary, when the writing lines 15 is energized 
from the terminal-end portion 27 toward the start-end portion 
26, in the first writing lines 10, the energizing is performed 
from the terminal -end portion 12 toward the start -end portion 
26, thereby generating a magnetic force from the rear to the 
front (that is, magnetic force in the same direction as the 
magnetization direction of the fixed magnetization layer 3 
of the first ferromagnetic tunnel junction element 7) with 
respect to the free magnetization layer 4 of the first 
ferromagnetic tunnel junction element 7, so that the free 
magnetization layer 4 of the first ferromagnetic tunnel 
junction element 7 can be magnetized in the same direction 
as the magnetizationdirectionof the f ixedmagnet ization layer 
3. On the other hand, in the second writing lines 11, the 
energizing is performed from the terminal - end port ion 2 7 toward 
the start-end portion 13 , thereby generating a magnetic force 
from the front to the rear (that is, magnetic force in the 
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direction opposite to the magnetization direction of the fixed 
magnetization layer 3 of the second ferromagnetic tunnel 
junction element 8) with respect to the free magnetization 
layer 4 of the second ferromagnetic tunnel junction element 
8, so that the free magnetization layer 4 of the first 
ferromagnetic tunnel junction element 7 can be magnetized in 
the direction opposite to the magnetization direction of the 
fixed magnetization layer 3. 

As described above, in the present embodiment, since 
the first and second writing lines 10,11 are formed like a 
coil , the writing magnetic forces can be efficiently generated 
with a smaller writing current, thereby reducing the power 
consumption in writing. 

In addition, in the present embodiment , since the winding 
direction of the first writing lines 10 and the winding 
direction of the second writing lines 11 are reversed to each 
other, when the storage data contrary to each other is written 
in the first and second ferromagnetic tunnel junction elements 
7,8, the magnetic force acting on the first ferromagnetic 
tunnel junction element 7 and the magnetic force acting on 
the second ferromagnetic tunnel j unction element 8 are opposite 
to each other and form magnetic fields into closed loops, so 
that the interference between the magnetic force for 
magnetizing the free magnetization layer 4 of the first 
ferromagnetic tunnel junction element 7 and the magnetic force 
for magnetizing the free magnetization layer 4 of the second 
ferromagnetic tunnel junction element 8 does not occur. 
This enables the storage data to be precisely written in the 
first and second ferromagnetic tunnel junction elements 7, 
8 and thus the reliability of the magnetic storage device 1 
can be improved. 
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Furthermore, when the storage data is written in the 
predetermined storage element 9, the writing magnetic forces 
form closed loops, so that the writing magnetic forces in the 
predetermined storage element 9 do not affect another storage 
element 9 in the vicinity and thus do not change a storage 
state of the another storage element 9, which can also improve 
the reliability of the magnetic storage device 1. 

Furthermore, in the present embodiment, since the 
start-end portion 13 of the second writing lines 11 is connected 
to the terminal -end portion 12 of the first writing lines 10 
to form a sequence of writing lines 15, only by energizing 
the writing lines 15 from the start-end portion 26 toward the 
terminal-end portion 27 thereof, or by energizing the writing 
lines 15 from the terminal -end portion 27 toward the start-end 
portion 26, the storage data contrary to each other can be 
stored in the first and second ferromagnetic tunnel junction 
elements 7, 8. Therefore, the structure of the writing lines 
11 can be simple and easy to manufacture and a reduction in 
manufacturing cost of the magnetic storage device 1 can be 
achieved, and the same time an occupying area of the writing 
lines 15 in the semiconductor substrate 6 can be reduced as 
much as possible, so that the miniaturization of the magnetic 
storage device 1 can be achieved. 

Furthermore, in the present embodiment, since the lower 
writing lines 17, 21 of the first writing lines 10 and the 
second writing lines 11 are provided with the parallel wiring 
portions 19, 23 extending in the direction substantially 
parallel to the magnetization of the f ixed magnetization layers 
3 at the positions immediately below the first ferromagnetic 
tunnel junction element 7 and the second ferromagnetic tunnel 
junction element 8 , the action of the magnetic forces generated 
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by the writing current flowing through the parallel wiring 
portions 19, 23 extending in the direction substantially 
parallel to the magnetization direction of the fixed 
magnetization layers 3 produces an assist effect by lean of 
the direction of the writing magnetic forces acting on the 
free magnetization layers 4 toward the magnet ization direct ion 
of the fixed magnetization layers 3 and thus the magnetization 
direction of the free magnetization layers 4 can be smoothly 
changed even with a smaller writing current, so that lower 
power consumption of magnetic storage device 1 can be achieved. 

( Second Embodiment ) 

Although in the above-mentioned first embodiment, only 
the lower writing lines 17, 21 are provided with the parallel 
wiring portions 19 , 23 in the direction substantially parallel 
to the magnetization direction of the fixed magnetization 
layers 3 , the present invention is not limited to this structure , 
but the parallel wiring portions only needs to be formed in 
at least any one of the upper writing lines and the lower writing 
lines of the first writing lines or the second writing lines, 
and the parallel wiring portions may be formed in the upper 
writing lines and the lower writing lines of the first writing 
lines and the second writing lines. 

More specifically, in a magnetic storage device 31 shown 
in Figs. 4 and 5, similar to the magnetic storage device 1, 
on a surface of the same semiconductor substrate 36, a first 
ferromagnetic tunnel junction element 3 7 and a second 
ferromagnetic tunnel junction element 3 8 are formed ad j acently 
to, and apart from each other in a direction perpendicular 
to a magnetization direction (anteroposterior direction in 
Figs. 4 and 5) of the fixed magnetization layers 3 (refer to 
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Fig. 1) of the first and second ferromagnetic tunnel junction 
elements 37, 38. In the magnetic storage device 3 1 , the first 
ferromagnetic tunnel junction element 3 7 and the second 
ferromagnetic tunnel junction element 3 8 compose a storage 
element 3 9 of one bit, and on the same semiconductor substrate 
36, the storage elements 39 of a plurality of bits are formed 
apart from each other in lateral and vertical directions. 
However, in order to facilitate understanding, the storage 
element 39 of one bit is focused on here for description. 

The storage element 39, as shown in Fig. 4, a first 
coil-like writing lines 40 is formed around the first 
ferromagnetic tunnel junction element 3 7 and at the same time 
a second coil -like writing lines 41is formed around the second 
ferromagnetic tunnel junction element 38, and a start-end 
portion 43 of the second writing lines 41 is connected to a 
terminal-end portion 42 of the first writing lines 40 via a 
joining portion 44 to form a sequence of writing lines 45, 
and further, a winding direction of the first writing wire 
40 (clockwise in Fig. 4) and a winding direction of the second 
writing lines 41 (counterclockwise in Fig. 4) are reversed 
to each other. 

A structure of the writing lines 45 is now described 
in detail. The first writing lines 40, as shown in Figs. 4 
and 5, is structured in such a manner that four pieces of upper 
writing lines 46 extending in the direction substantially 
perpendicular to the magnetization direction (downward 
direction in Fig. 5) of the fixed magnetization layer 3 of 
the first ferromagnetic tunnel junction element 37, above the 
first ferromagnetic tunnel junction element 37 , and five pieces 
of lower writing lines 47 extending in the direction 
substantially perpendicular to the magnetization direction 
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(downward direction in Fig . 5) of the fixed magnetization layer 
3 of the first ferromagnetic tunnel j unction element 37, below 
the first ferromagnetic tunnel junction element 3 7 are 
connected at right and left end edge portions of the upper 
writing lines 46 and the lower writing lines 47 via 
through-holes 48 to be wound around the first ferromagnetic 
tunnel junction element 37 clockwise like a coil, as shown 
in Fig . 4 . 

In addition, at an end portion or midway portions of 
the upper writing lines 46 at positions immediately above the 
first ferromagnetic tunnel junction element 37, the first 
writing lines 40 has parallel wiring portions 49a formed, which 
extend in a direction substantially parallel to the 
magnetization direction of the fixed magnetization layer 3. 

Furthermore, at end portions or midway portions of the 
lower writing lines 47 at positions immediately below the first 
ferromagnetic tunnel junction element 37, the first writing 
lines 40 has parallel wiring portions 49b formed, which extend 
in the direction substantially parallel to the magnetization 
direction of the fixed magnetization layer 3. 

The second writing lines 41, as shown in Figs. 4 and 
5, is structured in such a manner that four pieces of upper 
writing lines 50 extending in the direction substantially 
perpendicular to the magnetization direction (downward 
direction in Fig. 5) of the fixed magnetization layer 3 of 
the second ferromagnetic tunnel junction element 38, above 
the second ferromagnetic tunnel junction element 38, and five 
pieces of lower writing lines 51 extending in the direction 
substantially perpendicular to the magnetization direction 
(downward direction in Fig . 5) of the fixed magnet i zat ion layer 
3 of the second ferromagnetic tunnel junction element 38 , below 
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the second ferromagnetic tunnel junction element 3 8 are 
connected at right and left end edge portions of the upper 
writing lines 50 and the lower writing lines 51 via 
through-holes 52 to be wound around the second ferromagnetic 
tunnel junction element 38 counterclockwise like a coil, as 
shown in Fig. 4. 

In addition, at an end portion or midway portions of 
the upper writing lines 50 at positions immediately above the 
second ferromagnetic tunnel junction element 38, the second 
writing lines 41 has parallel wiring portions 53a formed, which 
extend in the direction substantially parallel to the 
magnetization direction of the fixed magnetization layer 3. 

Furthermore, at end portions or midway portions of the 
lower writing lines 51 at positions immediately below the 
second ferromagnetic tunnel junction element 38, the second 
writing lines 41 has parallel wiring portions 53b formed, which 
extend in the direction substantially parallel to the 
magnetization direction of the fixed magnetization layer 3. 

A left end portion of the lower writing lines 47 that 
is the terminal-end portion 42 of the first writing lines 40 
is connected to a left end portion of the lower writing lines 
51 that is the start-end portion 43 of the second writing lines 
41 via the joining portion 44. In the figures, reference 
numerals 54, 55 are reading wiring connected to the free 
magnetization layers 4 of the first and second ferromagnetic 
tunnel junction elements 37, 38. 

In this manner, in the present embodiment, the parallel 
wiring portions 49a, 49b, 53a, 53b are formed in the upper 
writing lines 46, 50 and the lower writing lines 47, 51 of 
the first writing lines 40 and the second writing lines 41, 
respectively . 
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Industrial Applicability 

The present invention is carried out in the embodiments 
described above and brings about effects described below. 

(1) In the present invention according to Claim 1, since 
a first coil -like writing lines is formed around a first 
ferromagnetic tunnel junction element and the same time a 
second coil-like writing lines is formed around a second 
ferromagnetic tunnel junction element, writing magnetic 
forces can be generated efficiently with a smaller writing 
current, thereby reducing power consumption in writing, so 
that lower power consumption of the magnetic storage device 
can be achieved. 

In addition, since a winding direction of the first 
writing lines and a winding direction of a second writing lines 
are reversed to each other, magnetic fields generated when 
storage data contrary to each other is written in the first 
and second ferromagnetic tunnel junction elements form closed 
loops, so that a magnetic force for magnetizing a free 
magnetization layer of the first ferromagnetic tunnel junction 
element and a magnetic force for magnetizing a free 
magnetization layer of the second ferromagnetic tunnel 
junction element do not interfere with each other and thus 
the storage data can be written precisely in the first and 
second ferromagnetic tunnel junction elements and the 
reliability of the magnetic storage device can be improved. 

(2) In the present invention according to Claim 2, since 
a start -end portion of the second writing lines is connected 
to a terminal -end portion of the first writing lines to form 
a sequence of writing lines, an occupying area of the writing 
lines can be reduced as much as possible, and thus the 
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miniaturizationof the magnetic storage device can be achieved. 

(3) In the present invention according to Claim 3, since 
the first writing lines and the second writing lines have 
parallel wiring parts extending in a direction substantially 
parallel to a magnetization direction of fixed magnetization 
layers at positions immediately above or immediately below 
the first ferromagnetic tunnel j unction element and the second 
ferromagnetic tunnel j unction element , by an action of magnetic 
forces generated in the writing current flowing through the 
parallel wiring parts extending in the direction substantially 
parallel to the magnetization direction of the fixed 
magnetization layers, the direction of the writing magnetic 
forces acting on the free magnetization layers leans toward 
the magnetizationdirectionof the f ixedmagnet ization layers, 
which can produce an assist effect. Accordingly, the 
magnetization direction of the free magnetization layers can 
be changed smoothly with a smaller writing current and lower 
power consumption of the magnetic storage device can be 
achieved . 

(4) In the present invent ion according to Claim 4 , a structure 
of the first writing lines and the second writing lines is 
such that there are provided upper and lower writing lines 
extending in a direction substantially perpendicular to the 
magnetization direction of the fixed magnetization layers of 
the first ferromagnetic tunnel j unction element and the second 
ferromagnetic tunnel junction element above and below the first 
ferromagnetic tunnel junction element and the second 
ferromagnetic tunnel junction element, and in addition that 
in at least one of the upper and lower writing lines, there 
are provided parallel wiring portions in the direction 
substantially parallel to the magnetization direction of the 
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fixed magnetization layers at positions immediately above and 
immediately below the first ferromagnetic tunnel junction 
element and the second ferromagnetic element. Thus, by an 
action of the magnetic forces generated by the writing current 
flowing through the parallel wiring portions extending in the 
direction substantially parallel to the magnetization 
direction of the fixed magnetization layers, the direction 
of the writing magnetization forces acting on the free 
magnetization layers leans toward the magnetization direction 
of the fixed magnetization layers , which can produce an assist 
effect . Accordingly, the magnetization direction of the free 
magnetization layers can be changed smoothly with a smaller 
writing current and lower power consumption of the magnetic 
storage device can be achieved. 
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